the SSRs ( Table 2 ) . Third, ideally, primers from a single SSR locus should amplify only the target locus and show clear polymorphism ( Zhu et al., 2011 ) . Thus, primer design is a key component in the successful development of SSR markers. Although primers fl anking microsatellite loci are simple to design and use, the development of correctly functioning polymorphic loci depends not only on the quality and length of the DNA sequences containing the SSRs, but also on the selection of the best performing loci from the total number of sequences available. In conclusion, signifi cant effort, expense, and expertise are needed for the proper development of SSR markers, which are required in large numbers for different studies in the genus of interest.
Features making SSRs valuable genetic markers -One of the most important features of SSR markers is that they can detect multiple alleles per locus (10 alleles in a population). This hypervariability makes SSR markers more informative per locus than single nucleotide polymorphism (SNP) markers, which are generally biallelic ( Hamblin et al., 2007 ) . In fact, it is estimated that it will take approximately ( k -1) times more biallelic markers to achieve the same genetic information content as with one microsatellite with k alleles. For example, with 89 SSR loci averaging 20 of alleles per locus, it would take 1691 biallelic SNP markers [(20 -1) × 89] to achieve an equivalent information content ( Hamblin et al., 2007 ) . Besides being multiallelic and codominant at a single locus, SSRs offer several advantages over other molecular markers. Genetic variability can be easily detected by PCR using primers designed around the SSR repeats and analyzing fragments to detect length-polymorphisms ( Csencsics et al., 2010 ; Dutta et al., 2011 ) . Simple sequence repeats are highly repeatable among laboratories and transferrable across closely related species ( Jewell et al., 2010 ; Jones et al., 2010 ; Moe and Weiblen, 2011 ) . Microsatellite PCR amplifi cation protocols are standard, require as little as ~1 ng of DNA per reaction, and are amenable for high-throughput analysis, including fl uorescent automated genotyping and multiplexing ( Csencsics et al., 2010 ; Lepais and Bacles, 2011 ) . Finally, microsatellite loci are very abundant and relatively evenly distributed across genomes ( Buschiazzo and Gemmell, 2006 ; Kelkar et al., 2008 ) . However, these advantages have not been fully exploited to produce large sets of genome-wide SSRs markers due the low-throughput process of microsatellite discovery and testing.
Factors limiting SSR discovery and development -
The isolation of SSRs has traditionally been an experimentally long, labor intensive, and economically costly process, usually yielding small numbers of useable markers ( Tables 1, 2 ). The main limitation in the development of SSR markers has been the requirement of prior characterization of sequences containing SSR repeats to allow primer design for PCR ( Cavagnaro et al., 2010 ; Csencsics et al., 2010 ; Zhu et al., 2011 ) . Until very recently, the vast majority of DNA sequence generated by scientists has been obtained via expensive, low-throughput electrophoretic methods ( Sanger, 1988 ; Shendure et al., 2004 ) . The second limitation is that most of the current SSR development methods require the construction of genomic libraries using recombinant DNA enriched for a few targeted SSR motifs, followed by the isolation and sequencing of clones containing The difference between the total numbers of SSR discovered by Sanger sequencing methodology and NGS technologies was substantial ( Table 2 ) . Of the 24 NGS publications, 22 studies used shotgun (random) sequence data, and only two used an SSR enrichment step. The 22 NGS publications employing shotgun sequence data documented 368 303 SSRs in contrast to only 8332 SSRs discovered in 71 publications using Sanger sequencing. Moreover, the SSR publications from AJB that used Sanger methodology averaged a total of 1892 sequences with 245 SSRs discovered, 50 primer pairs tested, and 15 polymorphic loci. If only the 61 studies that used genomic DNA and traditional SSR enrichment are considered, the averages were 149 sequences examined, 99 SSRs discovered, 40 primer pairs tested, and 12 polymorphic loci. In contrast, the NGS publications examined averaged 47 632 and 88 107 sequences with 4648 and 18 437 SSRs discovered, 52 and 180 loci tested, and 40 and 53 polymorphic loci (Illumina and 454 results, respectively; Table 2 ) .
Sixty-four studies used genomic DNA, SSR enrichment, and Sanger sequencing methodology and yielded an average of 223 SSRs, 48 primer-pairs tested, and 15 polymorphic loci, while seven studies used cDNA or ESTs and resulted in an average of 371 SSRs, 64 primer pairs tested, and 21 polymorphic loci. The NGS studies discussed herein consist of 11 genome and nine transcriptome sequencing studies performed by 454 technology, and four transcriptome sequencing studies using the Illumina platform. The average number of genomic SSRs discovered using NGS was 28 600 with an average of 163 primer pairs tested and 51 polymorphic loci. Transcriptome and cDNA sequencing analysis by NGS SSRs averaged 6376 SSRs, 158 primer pairs tested, and 52 polymorphic loci. Moreover, the four independent Illumina transcriptome studies identifi ed an average of 4648 SSRs ( Wang et al., 2010c ; Garg et al., 2011 ; Ouyang et al., 2011 ; Yan et al., 2011 ) , while fi ve 454 transcriptome studies identifi ed an average of 9949 SSRs ( Blanca et al., 2011 ; Dutta et al., 2011 ; Hiremath et al., 2011 ; Lu et al., 2011 ; Parchman et al., 2010 ) .
Although the number of SSRs detected varied signifi cantly between Sanger, Illumina, and 454, all three technologies resulted in similar number of polymorphic loci ( Table 2 ) . However, 20% of SSRs discovered by Sanger methodology were tested for polymorphisms, while only 1% of those obtained by NGS technologies were tested ( Table 2 ) . Thus, NGS technologies have the potential to yield larger numbers of SSRs than Sanger sequences for genetics studies in the plant sciences. The advantage of 454 over Illumina was clearly appreciable from genome and transcriptome analyses in the total number of SSR discovered ( Table 2 ) . The higher success of 454 is determined by the length of the reads, since this technology is able to produce longer reads, which increases the probability of being able to properly design SSRs primers under low to medium sequencing coverage.
SSR discovery by genome or transcriptome NGS sequencing -Several recent studies have demonstrated that the easiest way to discover SSR loci is through shotgun sequencing of the genome or transcriptome by NGS ( Table 2 ; Fig. 1 ) . However, the choice of isolating SSR loci from the genome or transcriptome mainly depends on the ability of the researchers to handle the resulting data, project goals, and future research plans. Genome shotgun sequencing is easier than transcriptome analysis since it uses DNA instead of RNA and does not have the requirement of library normalization, sequence assembly, Illumina technology relies on bridge PCR to amplify fragmented DNA. Then sequencing by synthesis is performed using four fl uorescently labeled nucleotides, characterized by their reversible terminators, which allow single base incorporation ( Table 1 ; Fedurco et al., 2006 ; Turcatti et al., 2008 ) . Initially, DNA libraries can be constructed that give rise to a mixture of adaptor-fl anked fragments up to several hundred base pairs (bp) in length ( Shendure and Ji, 2008 ) . Then the adaptor-fl anked fragments are tethered to a solid substrate using a fl exible linker for bridge PCR. Once the amplifi cation is completed, DNA is clustered for sequencing using multiples cycles of three steps. First, the four fl uorescently modifi ed labeled nucleotides are added, while primer and polymerase incorporate a single fl uorescently labeled nucleotide. Subsequently, unincorporated nucleotides are washed away, and imaging is taken to determine the identity of the incorporated nucleotide. Finally, a cleavage step removes the terminating/inhibiting group and fl uorescent dye from the nucleotide ( Turcatti et al., 2008 ; Shendure and Ji, 2008 ) . Thus, at each cycle of sequencing, the interrogation consists of single-base extension, and the cycle is repeated up to 50 to 100 times, making the read-lengths up to 50 to 100 bp. Longer reads are possible, but may incur a higher error rate with the dominant error being type substitution ( Shendure and Ji, 2008 ) .
The total number of nucleotide bases generated per run differs dramatically among the 454 and Illumina technologies ( AJB papers were selected to represent current trends in SSR development studies since the journal has recently become an important venue for the publication of SSRs in the plant sciences. A total of 98 studies were published in AJB between January 2010 and May 2011. Of the 98 studies, 85 dealt with SSR development or protocols, and 78 such studies reported novel SSRs isolated in plants ( Table 2 ). The majority of these studies used Sanger sequencing (71 studies), and only seven employed NGS (two Illumina and fi ve 454 sequencing studies). Of the 71 AJB Sanger publications, 61 (85%) studies used genomic DNA, SSR enrichment, and cloning approaches for the isolation of SSRs, while one used the same approach with cDNA and two were non-enriched ( Table 2 ) . The remaining seven studies used Sanger technology for large scale sequencing of expressed sequence tags (EST; six studies) and bacterial artifi cial chromosome (BAC-end) sequencing (1 study). Since the total number of studies using NGS in AJB was low (seven studies), NGS SSR isolation results from 17 studies in plant species in other journals (two Illumina and fi fteen 454 sequencing studies) are presented for comparison purposes ( Table 2 ) . Enrichment is no longer necessary for the isolation of SSR loci -To increase SSR detection effi ciency and reduce genome complexity, enrichment-based SSR isolation approaches have been employed that require a priori choices about target repeat sizes and motifs. For example, recent AJB studies using enrichment-based SSR approaches reported a mean of only three motifs with a range from 1 to 10 motifs used during enrichment ( Table 2 ) . More than half of these studies reported an enrichment step for only 1 or 2 motifs, usually dinucleotides. Similarly, SSR enrichment approaches have also been used prior to annotation, and integration of unigenes ( Parchman et al., 2010 ; Blanca et al., 2011 ; Dutta et al., 2011 ; Hiremath et al., 2011 ; Lu et al., 2011 ) . However, the main advantage of developing SSR markers from transcriptome sequences is the possibility of fi nding associations with functional genes and therefore with phenotypes ( Li et al., 2002 ) . Microsatellites in the coding regions of genes may actually regulate gene expression and function, making them a valuable resource for future genetic studies ( Li et al., 2002 ) . Since the mutation rate of DNA protein-coding sequence is lower than in other DNA sequences (i.e., intron, intergenic sequence), the number of SSRs and polymorphisms within these regions are expected to be lower than in noncoding sequences ( Blanca et al., 2011 ) . 
-NEXT-GENERATION SEQUENCING TO ISOLATE SSRS IN PLANTS
sequencing platform is extremely high-throughput, read lengths are limited (50 -100 bp) by signal decay and dephasing, which in turn could limit the discovery of SSRs with low-genome coverage sequencing ( Shendure and Ji, 2008 ) . Moreover, large Illumina data sets and short reads pose a computational challenge for researchers with limited computational resources and expertise. Although both technologies suffer from higher error rates than Sanger sequencing, increasing coverage may help to reduce errors and aid during SSR detection ( Shendure and Ji, 2008 ) .
NGS data assembly and SSR isolation -Researchers should carefully consider their options regarding the processing of NGS data for SSR discovery and development. This section is not intended to review every option available regarding assembly, but to provide a general overview of the process. The fi rst step during NGS SSR development is sequence assembly (i.e., alignment and merging of reads) to create longer DNA sequences or contigs before SSR discovery ( Fig. 1 ) . As stated earlier, it is possible to isolate and discover SSR loci from the raw reads of NGS ( Fig. 2 ) . However, the choice of assembly depends on several factors including the type of data (e.g., 454 vs. Illumina technology and/or genome vs. transcriptome) and the bioinformatic ability and resources of the researcher. The main advantage of performing an assembly to construct contigs prior to SSR isolation is that contigs represent related reads joined together in longer consensus sequences, thus providing the ability to detect polymorphism in the assembled contig. The total number of reads within a contig can provide higher sequence confi dence by the identifi cation of sequence errors, and the assembly will reduce redundancy of closely linked SSRs ( Fig. 2 ) . While the longer 454 reads are computationally easier to assemble than the shorter Illumina reads, longer 454 genomic reads can be used without assembly for the development of anonymous SSR markers at the expense of reducing redundancy, whereas transcriptome reads must be assembled regardless of the used NGS technology for the development of unigene-derived SSR markers ( Parchman et al., 2010 ; Blanca et al., 2011 ; Dutta et al., 2011 ; Hiremath et al., 2011 ; Lu et al., 2011 ) . Careful consideration should be given to locus copy number (i.e., number of reads assembled), since SSR isolated from single-/low-copy loci are more useful in genetic analysis ( Cavagnaro et al., 2010 ; Zhu et al., 2011 ) . Another important consideration during NGS data assembly is the choice of software. Several programs exist that allow contig assembly from raw reads ( Shendure and Ji, 2008 ) . Some of the easier to use software packages for de novo DNA sequence assembly are gsAssembler (Newbler version 2.3; Roche 454 Life Sciences, Branford, Connecticut, USA), CLC Genomics Workbench (version 4.6.1; CLC Bio, Aarhus, Denmark), and SeqMan NGen (DNASTAR, Madison, Wisconsin, USA). The main disadvantage of gsAssembler is its specifi city for assembling sequence data generated by the 454 platform with the possibility of using Sanger or other FASTA format sequence data. However, signifi cant bioinformatic knowledge is required to run gsAssembler since the program uses a Java GUI or command line. CLC Genomics Workbench and SeqMan NGen (DNASTAR) are two commercially available software that stand out for their ability to analyze Sanger, 454 and Illumina, and other NGS data sets. Both programs can be used with genome and/or transcriptome data for de novo alignment and assembly of raw reads and for gene annotation. Computationally, these programs require little skill and resources compared to gsAssembler, but their costs are high compared to other computer programs used to process NGS data sets. low coverage NGS ( Delmas et al., 2011 ; Lepais and Bacles, 2011 ) . However, performing an SSR enrichment step may not be necessary for SSR detection in medium to high coverage runs of 454 or Illumina since the large data sets produced (millions or even billions of bases) increase SSR detection likelihood and the reduction of genome complexity can be accomplished by sequence assembly ( Table 2 ; Fig. 1 ). In fact, only two of 25 NGS publications used an enrichment step for SSRs, but the number of SSR markers developed was among the lowest for NGS approaches ( Delmas et al., 2011 ; Lepais and Bacles, 2011 ) . Therefore, performing an SSR enrichment step with NGS may not offer a real advantage for SSR detection. On the contrary, since the nucleotide base composition and frequency of microsatellite motifs may actually vary among plant genomes ( Li et al., 2002 ) , SSR enrichment with a small number of motifs might result in biases or limit the population of the SSRs that can be discovered and are ultimately used in genetic analyses. For instance, Arias et al. (2010) Cavagnaro et al., 2010 ] . Differences in SSR density between genomic and EST sequences in plant species have also been reported ( Varshney et al., 2005 ) . For example, some trinucleotide motifs have been found to be overrepresented in protein-coding sequences in several plant species, such as Cucurbita pepo L. ( Blanca et al., 2011 ) , Cucumis sativus ( Cavagnaro et al., 2010 ) , Cicer arietinum L. ( Garg et al., 2011 ) , and Dioscorea alata L. ( Narina et al., 2011 ) . Given the variation in the abundance of sizes and motifs of SSR repeats in different plant species and the fact that the frequency of a given motif may vary depending on the sequence data sets (genome vs. transcriptome), enrichment can result in a serious inability to discover SSR loci in suffi cient numbers to mine useful genetic markers.
The choice of NGS technology for SSR loci isolation -Shotgun sequencing using 454 technology is currently the most widely used NGS method to isolate SSR loci in plants ( Table 2 ) . Even low-genome coverage 454 sequencing is often enough to identify hundreds or thousands of microsatellite loci ( Table 2 ) . The major advantage of the 454 sequencing platform for SSR isolation is that the read-length is 350 -600 bp per read ( Table 1 ) . This feature can affect SSR marker development since the longer reads could allow the discovery and development of SSRs even directly from the raw reads ( Fig. 2 ) . Although the megabase cost is much greater than for the Illumina platform (up to US$16.57), 454 sequencing data sets are typically 350 -720 Mb per run and computationally relatively easy to process ( Table 1 ) . The main advantage of using Illumina technology for SSR discovery is that the large data sets that are produced (2.5 -20 Gb; ( Table 2 ) used various repeat types (e.g., mono-to pentanucleotides vs. mono-to octanucleotides) and different minimum lengths (e.g., 12 bp and 3 repeat units, 12 bp and 2 repeat units, 2 repeat units, and 12 bp). These minor differences in search parameters can lead to striking differences in the SSRs frequencies and distributions discovered ( Fig. 3 ) . Another important factor to be considered during SSR development is that higher polymorphism rates are often associated with shorter motifs and higher number of repeats due to their higher mutation rates compared with longer motifs with
Isolating sequences containing high-quality SSRs -Nextgeneration sequencing is an exceptional tool for the discovery of SSRs due to the possibility of generating large amounts of DNA sequence ( Tables 1, 2 ) . Moreover, large sequence data sets will result in large number of sequences containing SSRs and lead to the inevitable challenge of locus prioritization in the development phase. NGS studies have yielded an average of 18 437 (454) and 4648 (Illumina) SSR loci ( Table 2 ) . Given these high numbers, researchers should carefully analyze the sequence data to isolate high quality SSR loci for further testing. An important factor likely to impact SSR discovery and Fig. 3 . A cranberry ( Vaccinium macrocarpon ) contig sequence showing search results for differential simple sequence repeat (SSR) (discovered motifs are in yellow) depending on the search parameters, 1-6bp motifs and 8, 6, 3, 2 repeats (panels, A = 0, B = 2, C = 9, and D = 14 motifs discovered, respectively). [Vol. 99 and high-throughput SSR marker assay. In fact, the precision of fl uorescent SSR assay allows clear and repeatable score in highly variable SSR loci ( Fig. 4 ) . In contrast, gel electrophoresis techniques (e.g., silver or ethidium bromide staining) could lead to allele miscalls due to the diffi culty of scoring SSR locus data while eliminating stuttering amplifi cation, primer dimers, and other PCR artifacts. Additionally, the existence of several fl uorescent labels (e.g., FAM and HEX) allows the development of SSR markers to be evaluated by multiplexing (i.e., PCR reactions and capillary electrophoresis for several SSR loci can be performed simultaneously). This system can signifi cantly reduce allele scoring time and output data processing efforts through automation, while the total cost can be reduced by 50% with two multiplexed SSR loci to as low as only 12.5% of the original cost with four multiplexed SSR loci.
The purpose of screening large numbers of SSR loci is to increase the probability of fi nding polymorphic loci, but a successful marker screen relies on isolating sequences that contain high quality SSRs likely to be polymorphic. Thus, the odds of obtaining useful polymorphic primers can be enhanced bioinformatically by identifying computationally polymorphic SSRs prior to actual testing in the laboratory ( Iorizzo et al., 2011 ) . In fact, sequence assembly data and its computational evaluation could result in the identifi cation of polymorphic SSRs ( Fig. 2 ) . For example, the use of a single highly heterozygous individual (e.g., F 1 ) during NGS could result in a simultaneous parental screen of the SSR loci ( Fig. 2 ) . Alternatively, a few diverse genotypes or individuals can be used during NGS to aid in the discovery of computationally polymorphic SSRs. Recently, Iorizzo et al. (2011) assembled sequences from four different carrot genetic backgrounds and identifi ed 114 computationally polymorphic SSRs. Subsequently, the evaluation of 31 of these loci confi rmed that 26 of them (84%) were actually polymorphic.
Application of 454 sequencing for cranberry SSR discovery -Recently, NGS technology was applied to cranberry (Vaccinium macrocarpon Ait. ) for the discovery of 107 244 SSR loci using 621 Mb of 454 shotgun sequence data ( Zhu et al., 2011 ) . The AG repeat was the most frequent SSR motif accounting for 35% of all SSRs and together with AAG and AAAT accounted for 46% of all loci discovered. Contig sequence data were carefully examined and used to select and design 96 SSR primer pairs that resulted in 48 polymorphic SSR loci (50%; Table 2 ; Figs. 2 -4 ) . Additionally, genetic clustering of 25 cranberry cultivars/accessions by principal coordinate and genetic structure analyses confi rmed the usefulness of the 48 SSR loci to differentiate among cranberry cultivars and to confi rm the parentage composition of several hybrid cultivars ( Fig. 4 ) .
The development of genomic SSRs by NGS allows the generation of other useful genomic information such as organelle genome sequence that could be useful in genetic studies ( Zhu et al., 2011 ) . In this regard, the previously generated cranberry 454 shotgun sequence data mentioned was employed to isolate plastid and mitochondrial sequence data via homology comparisons with complete sequences from carrot ( Daucus carota L.) and tobacco ( Nicotiana tabacum L.) available at the National Center for Biotechnology (NCBI) database ( Zhu et al., 2011 ) . Subsequently, the data were validated using all of the complete plant organelle genomes available at NCBI. Thus, in the context of the present paper and since SSRs can be found in the organelle genomes of most organisms, a scan of putative cranberry plastid and mitochondrial sequences was conducted lower number of repeats ( Kelkar et al., 2008 ) . For example, in cucumber, SSR polymorphism rates had a strong positive correlation with total SSR length, and polymorphism rates were highest among dinucleotides, followed by tri-, and tetranucleotide motifs ( Cavagnaro et al., 2010 ) . Finally, careful prioritization should be given to perfect SSRs, which are known to have greater allelic variability than compound or imperfect SSRs ( Buschiazzo and Gemmell, 2006 ) .
The best SSR locus for primer design and more likely to be polymorphic will contain a long, perfect microsatellite repeats with enough fl anking sequence for ideal primer design ( Fig. 2 ) . For identifying such sequences, an initial search can be conducted of 2 -6-bp motifs with a minimum of three repeat units and 12 bp in size. The search parameters can be relaxed to a minimum of two repeat units and 6 bp to reveal and exclude sequences containing compound SSRs ( Fig. 3 ) . Once sequences containing true perfect SSRs have been isolated, more stringent analyses can be conducted to separate sequences containing longer SSRs. Then, careful consideration should be given to the frequencies and distributions of SSRs (i.e., type and length data) to prioritize choices for development. The markers can be developed to include different motifs or specifi c motif types likely to be more polymorphic.
The considerations discussed point to the importance of critically examining NGS data to obtain high quality SSR loci for development. Since signifi cant variation has been found among algorithms used for SSR detection ( Cavagnaro et al., 2010 ) , researchers should consider using several programs to search for SSRs motifs in NGS data sets. Some useful programs that can be used independently or in conjunction during SSR discovery include the widely used perl script MIcroSAtellite (MISA; Thiel et al., 2003 ) ; mreps, a program capable of also fi nding imperfect repeats ( Kolpakov, et al., 2003 ) ; the user-friendly Windows-based SSR locator ( Maia et al., 2008 ) ; and the visually interactive web-tool WebSat ( Martins et al., 2009 ).
Increasing SSR screening ability and polymorphism rates -Two of the main advantages cited for using SSRs are their abundance and wide distribution in most genomes ( Buschiazzo and Gemmell, 2006 ; Kelkar et al., 2008 ) . However, such advantages have not been fully realized using either Sanger or NGS SSR development approaches ( Table 2 ). One problem is that studies can only screen a fraction (average of 20% and 1% for Sanger and NGS, respectively) of all SSR loci discovered ( Table 2 ) . Thus, a way to reduce cost and screening effi ciency of large numbers of SSR loci is by using primers synthesized in a 96-well format. The average cost of single primers is about US$0.30 per base depending on the synthesis method, desired yield, and fi nal primer quality. In contrast, primer orders in 96-well format using the lowest possible synthesis scale (i.e., 10 nmole) could be as inexpensive as $0.08 per base. Primer cost reduction can signifi cantly increase plant scientists ' ability to take advantage of the large number of SSR discovered through NGS.
Another way to increase screening ability and the identifi cation of polymorphic SSRs is to use fl uorescently labeled primers and fragment analysis by capillary electrophoresis ( Williams et al., 1994 ; Schuelke, 2000 ;  Fig. 4 ) . However, the number of studies using this technology is still low with only about 50% of the NGS studies discussed herein employing capillary electrophoresis for allele identifi cation ( Fig. 5 ). As expected, mono-, di-, and trinucleotides were the most abundant motifs in both the cranberry plastome (135, 61, and 63, respectively) and mitochondriome (115, 177, and 222, respectively) ( Table 3 ) . For both plastid and mitochondria, the frequencies of all motif types diminished with for the presence of microsatellite repeats. Forty cranberry plastid and 73 mitochondrial contigs (spanning a total length of 137 475 bp and 467 972 bp, respectively) were scanned for both perfect and compound repeats of basic motifs ranging from 1 to 6 bp and lengths of mono-8, di-4, tri-3, tetra-3, penta-3, and hexa-3 repeats. The analysis identifi ed 304 and 569 SSRs in the and effort compared to traditional SSR isolation approaches. In fact, one full NGS shotgun run can yield thousands of genomeor transcriptome-wide SSR loci. The two major NGS technologies with emergent application in SSR isolation are 454 and Illumina. Several recent studies have demonstrated the effi cient use of 454 and Illumina technologies to generate large numbers of genome or transcriptome sequences for the discovery of SSR loci in plants. The previous requirement of SSR enrichment may not be necessary for SSR isolation using either 454 or Illumina due to the large amounts of data produced by both technologies. However, the large sequence data sets can pose a challenge during raw read assembly and SSR isolation. Thus, due to the long and high quality reads obtained and the comparatively minor effort required, genomic shotgun sequencing using 454 technology is currently the easiest and most widely used NGS method to isolate SSRs loci in plants. Successful NGS-SSR isolation applications include the identifi cation of increased repeat numbers ( Table 3 ). In the cranberry plastid, the most abundant repeat types were the T, AT, and AAG (42%, 13%, and 8%, respectively), while in the mitochondria A, AG, and AAG were the most abundant motifs (18%, 22%, and 12%, respectively) ( Fig. 5 ) . Additional studies will need to be conducted to confi rm and validate the present cranberry organelle SSRs. In conclusion, whole genome shotgun 454 sequencing was a cost-effective and effi cient way to identify SSR-containing sequences in cranberry for SSR marker development.
Conclusions -An important application of NGS in the botanical sciences is the large-scale development of genome-wide molecular markers. SSR markers are one of the most informative and versatile DNA-based markers used in plant genetic research, but their development has traditionally been a diffi cult and costly process. NGS technologies allow the effi cient identifi cation of large numbers of SSR loci at a fraction of the cost high quality loci for marker development using the latest computational tools and high-throughput methods. In cranberry, a genetically understudied crop species, whole genome shotgun 454 sequencing was a highly effi cient way to identify SSRcontaining sequences for marker development. In the future, NGS technologies will massively increase the number of SSR and other genetic markers available to conduct genetic research in a plethora of nonmodel and understudied plant species such as cranberry.
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